Abstract: TrafficSTATS (www.traffic-stats.us) is publicly-available, interactive, web-based query tool that provides estimates of passenger vehicle and other traffic safety risks. Using "cube" database technology, TrafficSTATS houses publicly-available government data on traffic fatalities from the Fatality Analysis Reporting System (FARS) and personal travel behavior from the National Household Travel Survey (NHTS) and calculates risk statistics in real time for userspecified queries. We describe the motivation for developing the tool, explain the technology developed to store the data and facilitate the queries, and provide a series of examples of the types of comparisons that can be made quickly and efficiently.
INTRODUCTION
Despite the availability of a number of excellent sources of government data, 1 information that allows for simple comparisons of passenger travel risks and risk tradeoffs is not readily available. Certainly, with some effort, experts can identify appropriate data sources and create risk and exposure measures (for example, a comparison of the relative risks of personal travel during the afternoon and the evening). However, policy makers, the media, and the general public often rely on anecdotal "statistics" that vary in their definitions, supporting evidence, and reliability. These problems are amplified when media reports fail to put problems in context or to provide appropriate baselines for comparison. As a result, there is a great divide between what risk analysts know about risks and what the media and the general public think they know about risks. The result is that some risks are perceived to be elevated (e.g., children riding on the school bus), while others that should warrant greater attention are neglected (e.g., children riding their bikes) (National Research Council 2002) .
In this paper, the development of a tool to address these shortcomings is described -
TrafficSTATS (Statistics on Travel Safety). TrafficSTATS was developed by the Center for the
Study & Improvement of Regulation at Carnegie Mellon University with funding from the AAA Foundation for Traffic Safety and Carnegie Mellon University accessible at www.traffic-stats.us.
It is a free, publicly-available, web-based query tool that provides the user with an interactive environment to identify and compare passenger vehicle and other traffic safety risks. Since its release in January 2007, the press has used this tool to convey travel risk information, including an article in the New York Times (Wald 2007 ), a widely-circulated Associated Press article (Borenstein 2007) , and a front-page story in USAToday on elderly drivers (Davis and DeBarros 2007) . Several state legislators have used the information to examine risks of motorcycles and school travel.
There were two central challenges to the development of the tool. The first is to provide an accurate and transparent characterization of information about passenger travel risks (specifically, fatality risks). Risk metrics are developed that are created using traffic fatalities from the Fatality Analysis Reporting System (FARS) and personal travel behavior from the National Household Travel Survey (NHTS). FARS and NHTS have a number of common fields, such as person's age, gender, person type (e.g., for drivers, passengers, pedestrians, bicyclists), time of day, day of week, and transportation mode (e.g., passenger car, SUV, bicycle, motorcycle). Based on these parameters, the user defines a query and the tool generates three risk metrics: deaths per person mile, deaths per trip, and deaths per minute traveled. In addition, the tool provides information about the reliability of the estimates by generating confidence intervals for each risk measure. The incorporation of uncertainty is a non-trivial matter given the available data. A simple query for 16 to 20-year old male drivers reveals 3.91 deaths per 100 million trips (with an associated 95% confidence interval of 3.55 to 4.35) compared with 1.99 female drivers killed per 100 million miles driven (with a confidence interval of 1.76 to 2.29). These numbers illustrate that young male drivers are almost twice as likely to get killed as female drivers, and that both young males and young females compare poorly with the national average of 1.15 driver deaths per 100 million miles driven (1.13 to 1.17).
The second challenge is the effective presentation of the risk information in an easily understandable, interactive format that accommodates many types of risk comparison queries for a variety of potential end users. TrafficSTATS provides a level of detail and responsiveness that is not available from any other sources. Users can easily explore the relative risks of millions of different combinations of transportation modes, demographic variables, and vehicle types. As an added feature, the tool facilitates extremely fast queries of the underlying FARS and NHTS data.
TrafficSTATS provides a single, centralized source for both general and specific traffic-safety risk information of interest to multiple stakeholders.
The second and third sections describe the motivation for the development of the tool, the data sources used and the resultant risk metrics, the method for calculating these risks, and an explanation of the means by which confidence bounds are put on these risk estimates. The next section describes the use and functionality of the TrafficSTATS query tool and the following section provides a brief description of the "cube" technology used to house the data and facilitate the queries. The next section provides three examples of the types of comparisons, showing both the breadth of the risk information that TrafficSTATS provides, as well as some limitations of inferences that can be made. Conclusions are in the last section.
PUBLIC PERCEPTIONS AND QUESTIONABLE RISK METRICS
Decision science researchers have shown repeatedly that given clear and comparable risk information, members of the public can make rational and reasoned risk trade-offs (Morgan, Fischhoff, Bostrom, and Atman 2001; . For many risky decisions, however, this necessary information is simply not available. In some cases, the numbers have not been calculated correctly, and in others, the "correct" numbers are presented in a way that does a poor job of conveying information about risk tradeoffs.
These problems are certainly pervasive for the "facts" about travel safety, where there is often a divergence between perceived and actual risks. For example, a survey of 110 people selected from the general public found that a majority of the respondents did not appreciate the overwhelming safety advantages of school buses or the risks of walking and biking.
2 When asked why they thought that school buses were dangerous, many survey respondents commented that the news often had stories about school bus accidents. This is perhaps expected because fatal accidents involving a school bus are typically national news, whereas a car crash killing a teenage driver and his younger sibling is not (National Research Council 2002) . The school transportation study helped to correct this understandable availability bias (Tversky and Kahneman 1973; Dawes 1988) by getting the facts out to the public. A limiting factor, however, is that this type of information might not be disseminated through the media or other outlets, providing little value for improving decision making. The National Household Travel Survey (NHTS) provides information on travel characteristics. NHTS is the nation's inventory of daily and long-distance travel. The survey includes demographic characteristics of people, vehicles, and detailed information on daily and longer-distance travel for all purposes by all modes. 8 NHTS survey data are collected from a sample of U.S. households and expanded to provide national estimates of trips and miles by travel mode, trip purpose, and many household attributes. As with survey there are potential issues with accuracy. Itsubo and Hato (2006) used GPS tracking data to verify reported trips and found discrepancies. Regardless, NHTS is the best and only exposure data available at the national level (Beck, Dellinger, and O'Neil 2007) .
Given the population of deaths from FARS and the exposure information from NHTS, the risk calculation is straightforward: the risk is the number of fatalities from FARS divided by the total number of miles traveled (or total trips, or total minutes in the car) using sample data from NHTS.
Figure 1: Screen Capture of TrafficSTATS Query Comparing Travel Risks of Males and Females
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TrafficSTATS QUERIES AND FUNCTIONALITY
TrafficSTATS contains both the risk calculations, as well as the underlying data sources. minutes. This shows that males have much higher risks than females (78% greater risk for miles traveled, 122% greater risk for trips, and 94% greater risk for minutes traveled).
Several additional features ease the interpretation and use of the query results. First, in addition to the risk measures, there is a column that shows the total number of deaths for 1999 to 2004 as a means for putting the magnitude of these deaths in perspective. For the most general cases, the sum of the rows in this column gives the total number of passenger deaths for the fiveyear period. As shown at the bottom of Figure 1 , TrafficSTATS provides a parameter summary for each query as a means to track each query. These results can be exported to a number of file formats, including Excel, HTML, and Acrobat.
Because of the uncertainty inherent in the NHTS survey data, these risk estimates are not known precisely; we can only be confident that the values fall within a range. So, the user can click on the icon in the final column to generate lower and upper confidence bounds for each risk estimate. The miles-traveled risk measure for females has a median (best guess) value of 0.73, a lower bound of 0.72, and an upper bound of 0.75. This means that the process used to construct the interval insures that 95 out of 100 intervals so calculated will contain the true parameter. If this confidence interval includes 0, then the upper and lower bounds are not displayed and the median value shown must be viewed as being very uncertain. Figure 2 shows this display.
Calculation of the Confidence Interval
Although fatalities data is based on the entire population of deaths involving motor vehicles, 9 exposure measures are based on survey data comprising approximately 160,000
people. As a result, members of the sample group represent others in the country that share similar demographic variables. For example, a teenage boy living in an urban community in a southern state who is part of the survey represents many other teenage boys with similar backgrounds that are not in the survey. The determination of how many other non-survey people that a person in the survey represents is a complicated statistical calculation. There is assumed to be many-to-one mapping from people in the country to people in the survey. Because of these steps, it is difficult to complete the calculation so that results can be displayed interactively. Therefore, the task of calculating the best estimate is separated from calculating the confidence interval for the estimate. The default display on the web page is just the median value. By selecting the double arrow icon on the right side of the output 
APPLICATIONS
By greatly lowering the barriers between users and data, travel risk information can now be calculated over a wide variety of dimensions quickly. In this section, we demonstrate the power of the interface through three examples.
Example 1: Differences in Travel Risk by Geographic Region and Type of Vehicle
For this comparison, geographic region was selected as the primary comparison variable. Then four queries were submitted using different types of personally-owned vehicles (i.e., car, SUV, van, pick-up truck). After each query the results were exported to Excel. The fours runs were combined into one spreadsheet for graphical analysis. The total time for completing this analysis was less than 15 minutes. 
Example 2: SUV Travel Risk by Geographic Region and Yearly Season
For this comparison, geographic region was once again selected as the primary comparison variable. A query was run for each season (i.e., winter, spring, summer, and fall) while holding vehicle type at SUV. Again, the results from each query were exported to Excel and combined, and the analysis took less than 10 minutes to complete. Figure 5 shows the results.
Note that contrary to intuitive speculation, the greatest fatality risks are not associated with winter travel. In fact, winter driving in SUVs is never the riskiest and is safest over all (right-most columns). Summer risk for two regions (east south central and mountain) are dramatically higher then other seasons. In addition, summer driving is riskiest for six out of the nine regions and is riskiest overall. Risks in the mid-Atlantic and New England regions are low and fairly constant across seasons. Additional queries could be done to put confidence bounds on these estimates and to determine the risks of other vehicle types by season to see whether this particular pattern is unique to SUVs. Traffic STATS, unlike any other available data source, allows for this easy, interactive exploration of risk.
The result of lower risk during the winter presents one of the limitations of the risk metrics, which is the reliance on fatality risks. It could be the case that the risk of a crash or an injury is higher during the winter, but the risk metric does not account for these possibilities.
Example 3: Rollover Risk vs. Non-rollover Risk Comparison Between SUVs and Cars
The third comparison looks at the often discussed rollover risk of SUVs. This is done by looking at rollover risk (measured in fatalities per 100 million passenger miles) by age and gender categories. In this case, age was selected as the primary comparison variable, and eight queries were run using all combinations of three double-category variables (male and female, rollover and non-rollover, and car and SUV). As in the previous examples, query results were exported to Excel and combined. See Figures 6-8 for results. Note that for rollover risk, for every age and both genders, the SUV is riskier ( Figure 6 ). There is a pronounced increase in the relative risk of SUVs for both genders during ages 19-22 and for people over age 65 (though the paucity of data prevents drawing conclusions about the older drivers). Almost the opposite occurs for risk from non-rollover crashes ( Figure 7 ). In this case, SUVs are generally safer except for 20 year olds of both genders and for vehicle occupants over age 65. Figure 8 shows the overall risk for all vehicle occupants. SUVs are safer (or equally risky) for most ages except 19-23 and over 60 years old. Overall when using risk per passenger mile as a metric, SUVs are safer than cars. This does not account for the greater risk that they may be inflicting on other vehicles (White 2004) . The use of more than one metric is also useful when comparing vehicle travel. For example, when comparing men and women drivers, men have 78% higher risks per mile driven (1.39 to 0.78), but 105% higher risk per minute traveled (0.76 to 0.37) and 161% higher per trip taken (15.96 to 6.10). The variance reflects that on average men take longer trips and drive faster, whereas women take more trips. As a result, there is not necessarily a singular correct metric to measure or to convey travel risks, and the objective of TrafficSTATS is to give users the information necessary to begin to compare traffic safety risks.
CHOOSING A RISK METRIC
These measures, however, cannot account for behavioral aspects of driving. There is a large literature on how the inherent safety of the vehicle might cause drivers to be less cautious, "offsetting" the safety improvements. 13 Moreover, alcohol is a major cause of vehicle fatalities, especially in the evenings, and this factor could make the interpretation of the raw risk calculations more difficult.
CONCLUSIONS
TrafficSTATS draws on multidimensional database technology to provide users with a straightforward, interactive tool that quickly provides travel-risk information to millions of possible user-specified queries. Although there are certainly limitations to both FARS and NTHS as data sources, these are two of the best, most comprehensive sources of data on traffic fatalities and personal travel behavior. Because there is no existing database of travel risks, this research holds the promise of achieving several goals. First, TrafficSTATS provides a single, centralized source that provides accessible, reliable, and understandable risk information to multiple stakeholders, including the media, safety advocates, policy makers, and the general public. The speed and ease of the query tool allows users to generate risk metrics and make comparisons that would have taken much longer by individually querying FARS and NHTS data. The system also provides (albeit somewhat less quickly) confidence bounds on the risk estimates. These benefits should inform individual decision making, traffic safety research, and regulatory policy. Second, the process by which the risk estimates are calculated will be transparent allowing for focused discussions on real issues of risk trade-offs. Third, TrafficSTATS also provides users with access to rapid retrieval of large portions of the FARS and NHTS databases, which has utility for safety researchers and may also have broader interest. Finally, by using a form of data mining, researchers could uncover multidimensional insights previously not recognized by a study of either database individually. By systematically determining which risk values can be calculated (the same resolution/combination of risk category and dimension must occur in both FARS and NHTS), this approach could reveal previously unknown relationships among fatal motor vehicle crashes, demographics and travel behaviors. The uncovering of peculiar results could lead to new insights, or, alternatively, provide the impetus to improve accuracy of survey data collection. 
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